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(54) Ditatant composition 

(57) A dilatancy liquid is a sol under a low shear 
stress and a gel under a high shear stress, and includes 
inorganic particles having a roundness of 1.1 or less, 
and a particle diameter of from 0.05 to 5 nm. and a liq- 
uid held among the Inorganic particles. The dilatancy 
liquid is of high mechanical strength, and exhibits a low 
viscosity under a low shear stress and a high viscosity 
under a high shear stress; namely: it exhibits a large vis- 
cous-resistance variation by a shear-stress increment. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a dilatancy liquid. 

A dilatancy liquid exhibits a high viscosity under a 
high shear stress, and a low viscosity under a low shear 
stress. It is disposed between two objects which are 
placed in proximity to each other and driven relatively 
For example, it can be applied to a hydraulic fluid for a 
clutch which transmits a high torque under a high shear 
speed, and a low torque under a low shear speed, and 
it can be applied to a hydraulic fluid for a vibration isola- 
tor, etc. 

Description of Related Art 

It has been known that a liquid with fine particles 
dispersed therein exhibits a dilatancy property; namely: 
when a shear force is applied to such a liquid, the liquid 
exhibits a low viscosity under a low shear force, and 
increases its viscosity under an increasing shear force. 
This phenomenon is believed to occur in the following 
manner. A shear force changes the relative configura- 
tion of the fine particles in the liquid to enlarge free 
spaces existing among the fine particles. A negative- 
pressure action arises to fill up the enlarged free spaces 
with the surrounding liquid, thereby attracting the fine 
particles to each other. Thus, the liquid exhibits an 
increasing resistance. 

"DILATAL (trade mark)" has been known as one of 
the liquids exhibiting the dilatancy property, and made 
by a German company, BASF. This dilatancy liquid 
includes water, and an acrylic ester-styrene copolymer 
dispersed in water. 

The conventional cfilatancy liquid suffered from a 
poor mechanical strength, because its dispersing parti- 
cles are made from a resin. Moreover, after the conven- 
tional dilatancy liquid is subjected to a displacement, 
such as a shear force, it takes a few seconds and up to 
a couple of minutes for the conventional dilatancy liquid 
to exhibit the dilatancy property and to respond to the 
displacement. 

SUMMARY OF THE INVENTION 

The present invention has been developed in view 
of the aforementioned circumstances. It is therefore an 
object of the present Invention to provide a novel dila- 
tancy liquid which is of high mechanical strength, arKj 
exhibits a low viscosity under a low shear stress and a 
high viscosity under a high shear stress; namely: it 
exhibits a large viscous-resistance variation by a shear- 
stress increment. 

The present invention was based on the following 
accidental discovery which was made by the inventors 
of the present invention; namely: a liquid was found to 



exhibit an extremely good dilatancy property when inor- 
ganic particles of especially high roundness were dis- 
persed therein. 

For instance, a dilatancy liquid according to the 

5 present invention Is. a sol under a low shear stress and 
a gel under a high shear stress, and comprises inor- 
ganic particles having a roundness of 1.1 or less, and a 
particle diameter of from 0.05 to 5 jim. and a liquid held 
among the inorganic particles. 

10 It is preferable that, in the present dilatancy liquid, 
the inorganic particles are present in an amount of from 
300 to 600 parts by weight, and the liquid is present in 
an amount of from 100 to 200 parts by weight. 

The inorganic particles, constituting the present 

75 dilatancy liquid, have a roundness of 1.1 or less. Prefer- 
ably, they have a roundness of 1 .01 or less which can be 
approximated to 1 as much as possible. In terms of 
physical property, it is still indefinite why particles having 
a roundness close to 1 as much as possible are appro- 

20 priate for dilatancy particles. However, round particles 
having a roundness close to 1 show a high flowability, 
and exhibit a low viscosity under a low shear stress at 
least. Accordingly, when the viscosity of such round par- 
ticles under a low shear force is compared with the vis- 

25 cosity thereof under a high shear stress, there arises a 
large variation in the viscous resistance. This large vis- 
cous-resistance variation is believed to be one of the 
causes which result in the good dilatancy property. 
The inorganic particles preferably have a particle 

30 diameter of from 0.05 to 5 \xm, further preferably from 
0.1 to 1.5 \im. It is unpreferable that the inorganic parti- 
cles have an extremely large particle diameter, because 
such particles disperse unstably in the liquid (i.e.. a sol- 
vent or dispersant). and settle to separate from the liq- 

35 uid. It is also unpreferable that the inorganic particles 
have an extremely small particle diameter, because the 
resulting liquid exhibits an increasing viscosity when it is 
a sol. and can hardly exhibit a typical dilatancy property. 
It is preferable that the surface of the inorganic par- 

40 tides has irregularities as less as possible, or are flat as 
much as possible. It Is believed that the flatter the sur- 
face of the inorganic particles is, the smaller the resist- 
ance arises among the inorganic particles when the 
inorganic particles slide with each other. 

45 In terms of chemical composition, it is preferable 
that the inorganic particles include oxide or nitride which 
includes Si. Al, Mg or Zr. This oxide or nitride is hard, 
and stable chemically. Accordingly, such inorganic parti- 
cles are less likely to crack or deteriorate during service. 

so It is possible to exemplify silica, alumina, magnesia or 
zirconia particles as the specific inorganic particles. 
Further, it is possible to exemplify ADMAFINE "SO-C2" 
(trade mark) particles, which are made by ADMATEX. 
Co.. Ltd.. as one of the silica particles. ADMAFINE "SO- 

55 02" (trade mark) particles have an average particle 
diameter of 0.5 urn. a particle-diameter distribution of 
from 0.1 to 1 Jim, and a completely sphere shape. Fur- 
thermore, it is possible to exemplify ADMAFINE "AO- 
502" (trade mark) particles, which are made by ADM.A- 
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TEX. Co., Ltd.. as one of the alumina panicles. ADMA- 
FINE "AO-502" (trade mark) particles have an average 
particle diameter of 0.7 um. a particle-diameter distribu- 
tion of from 0.1 to 1.1 pim, and a completely sphere 
shape. ^ 

As for the liquid (i.e.. a solvent or dispersant). con- 
stituting the present dllatancy liquid, it is preferable to 
employ a low-molecular-weight liquid which can dis- 
perse the inorganic particles stably therein. Under cer- 
tain temperature conditions, it is preferable to employ a io 
high-boiling-point liquid. The following liquids satisfy 
these requirements; namely: lower alcohols, lower gly- 
cols, glycol ethers, and aqueous solutions thereof. It Is 
possible to exemplify an aqueous solution of ethylene 
glycol. 75 

In order to stably disperse the inorganic particles, it 
is possible to combine the inorganic particles and the 
liquid which have similar physical properties to each 
other. As one of the physical properties, it is possible to 
exemplify polarity Many inorganic particles are highly 20 
polarized on their surfaces. Accordingly, it is recom- 
mended to employ a highly hydrophllic liquid. 

Moreover, it Is possible to modily the surface of the 
inorganic particles to give a lipophilic property If such is 
the case, a lipophilic liquid can be employed. It is possi- 25 
ble to exemplify esterificatlon and halogenation as a 
process for giving a lipophilic property to the surface of 
the inorganic particles. 

In esterif Ication. the inorganic particles are heated 
In alqohol for a prolonged period of time. The alcohol is 30 
heated to a high temperature, and is highly pressurized. 
Thus, the inorganic particles react with the alcohol to 
esterify and fix the alcohol on their surface. The alcohol 
can be ethanol, butanol. propanol. or the like. The ester- 
ificatlon can be carried out under the following reaction 35 
conditions; namely: heating at 150 ^'C for 12 houre. Note 
that the residual alcohol is evaporated to remove. 

The halogenation can be can-ied out by using a hal- 
ogenation agent, such as thionyl chloride (SO4CI). etc. 
For instance. 50 g silica and 20 cc. SO4CI are charged 40 
in an enclosed container which is lined with a fluorocar- 
bon resin, and are reacted at 150 for 12 hours. 

As another one of the physical properties of the 
inorganic particles and liquid, it is possible to exemplify 
their specific gravities. When the Inorganic particles and 45 
liquid have specific gravities differing from each other, 
they are likely to separate by gravity. Accordingly, in 
order to produce stable dispersion, it is preferable that 
the inorganic particles and liquid have similar specific 
gravities as close as possible. For example, it Is possible so 
to enlarge the specific gravity of the liquid by dissolving 
an inorganic salt having a high specific gravity therein in 
order to approximate the specific gravity of the resulting 
mixture to the specific gravity of inorganic particles. 
Moreover, it Is possible to employ a liquid of high spe- ss 
clfic gravity, such as halide. etc. The halide can be 
dibromomethane (CHaBrg), tetrabromomethane 
(CHBra), 1.2-dibromoethane (CH2BrCH2Br). and the 
like. 



In addition, in order to stably disperse the inorganic 
particles in the liquid, it is possible to employ a known 
dispersion-improving agent. The dispersion-improving 
agent usually weakens the high polarity of the inorganic 
particles, and makes the inorganic particles less likely 
to agglomerate. In order to enhance the actions of the 
dispersion-improving agent, it is preferable to use a liq- 
uid of weak polarity, and at the same time to alkalify 
such a liquid weakly (e.g., to pH=6 to 11) in order to 
keep the corrosion resistance. The following liquids sat- 
isfy these requirements; namely: ammonia, aliphatic 
amines, etc. It is possible to exemplify triethanolamine 
(N(C2H40-H)3) as one of the aliphatic amines. 

It is preferable that, in the present dllatancy liquid, 
the dispersion-improving agent is present in an amount 
of from 1 to 20 parts by weight. 

It is possible to improve the flowability of the 
present dllatancy liquid by varying the dispersion of the 
inorganic particles; namely: by dissolving a flowabillty- 
improving agent into the present dllatancy liquid so as to 
control the polarity of the dllatancy liquid. It has been 
known generally that, when an electrolyte of strong 
polarity, such as a salt, is dissolved into a liquid In which 
fine inorganic particles of strong polarity are dispersed, 
the fine inorganic particles usually agglomerate. How- 
ever, the inventors of the present invention discovered 
that the viscosity of the resulting dllatancy liquid can be 
lowered contrarily. and the flowability thereof can be 
improved by adding specific inorganic particles and by 
adjusting the addition amount of specific inorganic par- 
ticles. 

The mechanism for improving the flowability of the 
present dllatancy liquid is believed as follows; namely: 
the inorganic particles gather around the electrolyte 
ions to form clusters. The resulting clusters apparently 
behave like particles having a large particle diameter. 
As a result, the flowability of the present dllatancy liquid 
is improved under a low shear region. The following 
strong electrolytes can carry out the mechanism appro- 
priately; namely: NaCI, KCI. LiCl, CaCl2. MgClg. 
NaNOs. Na2Mo04, Na2S04, and NaH2P04. 

It is preferable that, in the present dllatancy liquid, 
the f lowabillty-improving agent Is present in an amount 
of from 1 to 20 parts by weight. 

The dllatancy property is a phenomenon which 
results from a temporary change in the packed state of 
particles. The temporary change is caused by an abrupt 
dislocation. Therefore, it Is necessary to closely pack 
particles In the liquid (i.e., a solvent or dispersant). In 
addition, it is further necessary to satisfy the following 
requirements at the same time; namely: a dllatancy liq- 
uid flows smoothly in normal state or under a low shear 
stress, and responds quickly to a displacement under a 
high shear stress. 

In order to closely pack the inorganic particles, it is 
preferable to prepare the present dllatancy liquid in the 
following order; namely: fine inorganic particles are 
charged in a mixed solution of the liquid (i.e., a solvent 
or dispersant) and a dispersion improving agent by a 
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small amount, and are stirred to disperse therein, until 
all of the fine Inorganic particles are charged. Thereaf- 
ter, the resulting dispersion is stirred to mix in a ball mill 
for a long period of time, for instance, 24 hours. No sat- 
isfactory dispersion is established when all of fine Inor- 
ganic particles are charged in the liquid at once, or 
when the liquid is contrary charged to fine inorganic par- 
ticles. If such is the case, sedimentation may occur in 
the resulting dispersion, or the resulting dispersion may 
lack stabilrty 

In accordance with the present invention, the inor- 
ganic particles of extremely high i'oundness are dis- 
persed In the present dilatancy liquid. The inorganic 
particles are likely to be packed closely in the liquid (i.e.. 
a solvent or dispersant), because they have an 
extremely high roundness. Accordingly, the packed 
state of the inorganic particles can be changed remark- 
ably by applying a high shear stress. As a result, the 
present dilatancy liquid can exhibit a dilatancy property 
in a short period of time. 

Further, the present dilatancy liquid can exhibit a 
low viscous resistance and flow smoothly in normal 
state or under a low shear stress, because the inorganic 
particles have an extremely high roundness. Further- 
more, the present dilatancy liquid is strong mechani- 
cally, and stable thermally, because the inorganic 
particles include the inorganic compounds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the present inven- 
tion and many of its advantages will be readily obtained 
as the same becomes better understood by reference to 
the following detailed description when considered in 
connection with the accompanying drawings and 
detailed specification, all of which forms a part of the 
disclosure: 

Fig. 1 is a bar chart for illustrating a particle-diame- 
ter distribution of silica particles which were 
employed In a First Preferred Embodiment of a dila- 
tancy liquid according to the present invention; 
Rg. 2 is a photomicrograph for showing the silica 
particles which were employed in the First Pre- 
ferred Embodiment of the present dilatancy liquid; 
Rg. 3 is a diagram for illustrating a relationship 
between a shear speed and a viscosity, relationship 
which was exhibited by the Rrst Preferred Embodi- 
ment of the present dilatancy liquid; 
Fig. 4 Is a bar chart for illustrating a particle-diame- 
ter distribution of silica particles which were 
employed In a Fourth Preferred Embodiment of a 
dilatancy liquid according to the present invention; 
Fig. 5 Is a photomicrograph for showing the silica 
particles which were employed In the Fourth Pre- 
ferred Embodiment of the present dilatancy liquid; 
Fig. 6 is a diagram for illustrating a relationship 
between a shear speed and a viscosity, relationship 



which was exhibited by the Fourth Preferred 
Embodiment of present dilatancy liquid; 
Fig. 7 is a bar chart for Illustrating a particle-diame- 
ter distribution of alumina particles which were 

5 employed In a Fifth Prefen-ed Embodiment of a dila- 
tancy liquid according to the present Invention; 
Fig. 8 is a photomicrograph for showing the alumina 
particles which were employed in the Fifth Pre- 
ferred Embodiment of the present dilatancy liquid; 

10 and 

Fig. 9 is a diagram for illustrating relationships 
between an ion-equivalent unit of added strong 
electrolytes and a shear viscosity, relationships 
which were exhibited by Ninth Preferred Embodi- 
75 ments of a dilatancy liquid according to the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 

Having generally described the present invention, a 
further understanding can be obtained by reference to 
the spedf ic preferred embodiments which are provided 
herein for the purpose of illustration only and not 
25 intended to limit the scope of the appended claims. 

First Preferred Embodiment 

The First Preferred Embodiment of the present dlla- 

30 fancy liquid comprised silica particles in an amount of 
400 parts by weight, pure water in an amount of 100 
parts by weight, and a 10% ammonium aqueous solu- 
tion in an amount of 5 parts by weight. Note that ADM A- 
FINE "SO-C2" (trade mark) particles having an average 

35 particle diameter of 0.5 \im, and a roundness of less 
than 1 .01 (i.e., < 1 .01) were used as the silica particles. 
This dilatancy liquid was prepared as follows; namely: 
the pure water and 10% amnnonium aqueous solution 
were first mixed, and then silica particles were gradually 

40 added to the mixture. Finally, the entire mixture was 
stirred and mixed in a ball mill for 48 hours. 

Fig. 1 illustrates a particle-diameter distribution of 
the employed silica particles. Rg. 2 is a photomicro- 
graph of the employed silica particles. 

45 The thus prepared dilatancy liquid was evaluated 
for the dilatancy property by using a coaxial-dual-cylin- 
der type viscometer, "Rheomat 115". The viscometer 
was made by K. K. Codex Co., Ltd., and had a rotor 
whose type was "MS-HS-1 25/36". Specifically in the 

50 evaluation, the dilatancy liquid was examined for a rela- 
tionship between a shear speed (s'"*) and a viscosity 
(mPa • s) with the viscometer. In order to evaluate the 
dilatancy property, the viscosity was expressed in terms 
oi an index, (shear stress/shear speed). The index was 

55 used because it helps evaluate the dilatancy property 
by means of graphic configuration with ease. Note that. 
In the evaluation, the revolving speed of the rotor was 
Increased from 6 rpm/s to 730 rpm/s. and the viscosity 
was measured at each of shear speeds. 
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Fig. 3 illustrates the results of the evaluation. It Is 
appreciated from Fig. 3 that the First Preferred Embod- 
iment exhibited a viscosity of 3,100 (mPa • s) at a shear 
speed of 24 (s'""), exhibited a viscosity of 5.900 (mPa • 
s) at a shear speed of 26 (s '*). and exhibited a viscosity 5 
of 7.500 (mPa • s) at a shear speed of 28 (s^). Thus, 
the First Preferred Ennbodiment was verified to exhibit a 
sharp viscosity Increment with a slight shear speed var- 
iation. 

The First Prefen-ed Embodiment of the present dila- 10 
fancy liquid having the aforementioned composition was 
a liquid. When a "B"-type viscometer was used to exam- 
ine the viscosity of the First Preferred Embodiment, the 
First Preferred Embodiment exhibited a viscosity of 
7,500 cP at a shear speed of 30 rpm. Note that the dila- is 
tancy property of the present dilatancy liquid can be var- 
ied by changing the content of the inorganic particles 
(i.e., the silica particles) and the liquid (I.e., pure water). 
For example, the content of pure water fell in a range of 
from 65 to 1 70 parts by weight with respect to 400 parts 20 
by weight of ADMAFINE "SO-C2" (trade mark) parti- 
cles. When the content of pure water was less than 65 
parts by weight with respect thereto, no liquid was pre- 
pared. When the content of pure water was more than 
170 parts by weight with respect thereto, the resulting 2S 
liquid did not exhibit a dilatancy property. 



Second Prefen-ed Embodiment 

The Second Preferred Embodiment of the present 
dilatancy liquid comprised silica particles in an amount 
of 400 parts by weight, pure water in an amount of 53.2 
parts by weight, ethylene glycol in an amount of 53.2 
parts by weight, and a 10% ammonium aqueous solu- 
tion in an amount of 1.3 parts by weight. Note that 
ADMAFINE "80-02" (trade mark) particles having an 
average particle diameter of 0.5 ^m, and a roundness of 
less than 1.01 (i.e.. < 1.01) were used as the silica par- 
ticles. Thus, in the Second Preferred Embodiment, the 
ethylene glycol substituted for part of the pure water in 
the Rrst Preferred Embodiment. 

The Second Preferred Embodiment exhibited a vir- 
tually identical dilatancy property with that of the First 
Preferred Embodiment. 

When a "BMype viscometer was used to examine 
the viscosity of the Second Preferred Embodiment, the 
Second Preferred Embodiment exhibited a viscosity of 
7,000 cP at a shear speed of 30 rpm. The Second Pre- 
ferred Embodiment could be used in a temperature 
range of from -35 "C to 1 10 "C under ordinary pressure. 

Note that, instead of the pure water and ethylene 
glycol, it is possible to prepare the present dilatancy liq- 
uid by using the other alcohols, glycols, glycol ethers, 
and aqueous solutions thereof. By employing these var- 
ious liquids. It Is possible to vary or enlarge the service 
temperature range of the present dilatancy liquid. 



Third Preferred Embodiment 

The Third Prelerred Embodiment of the present 
dilatancy liquid comprised silica particles in an amount 
of 400 parts by weight, pure water In an amount of 53.2 
parts by weight, ethylene glycol in an amount of 53.2 
parts by weight, and triethanolamine in an amount of 3 
parts by weight. Note that ADMAFINE "SO-C2" (trade 
mark) particles having an average particle diameter of 
0.5 nm, and a roundness of less than 1.01 (I.e., < 1.01) 
were used as the silica particles. Thus, in the Third Pre- 
ferred Embodiment, the tri-ethanolamine substituted for 
the 10% ammonium aqueous solution in the Second 
Preferred Embodiment. 

The Third Preferred Ennbodiment exhibited a virtu- 
ally identical dilatancy property with that of the Rrst Pre- 
ferred Embodiment. 

When a "B"-type viscometer was used to examine 
the viscosity of the Third Preferred Embodiment, the 
Third Pretended Embodiment exhibited a viscosity of 
7,000 cP at a shear speed of 30 rpm. 

The Third Preferred Embodiment verified that 
aliphatic amines can be used Instead of the 10% ammo- 
nium aqueous solution. Note that, when the trieth- 
anolamine is used as in the Third Preferred 
Embodiment, the dispersion stability of the silica parti- 
cles can be improved so as to produce a system which 
is stable for a much longer period of time. 



30 Fourth Preferred Embodiment 

The Fourth Preferred Embodiment of the present 
dilatancy liquid comprised first silica particles in an 
amount of 320 parts by weight, second silica particles in 

35 an amount of 80 parts by weight, pure water in an 
amount of 61.4 parts by weight, ethylene glycol in an 
amount of 61,4 parts by weight, and a 10% ammonium 
aqueous solution in an amount of 2 parts by weight. 
Note that ADMAFINE "SO-C2" (trade mark) particles 

40 having an average particle diameter of 0.5 jim, and a 
roundness of less than 1.01 (i.e., < 1.01) were used as 
the first silica particles, and that ADMAFINE "SO-E5" 
(trade mark) particles having an average particle diam- 
eter of 1.5 ^m, and a roundness of less than 1.01 (I.e., 

4S < 1 .01) were used as the second silica particles. 

Fig. 4 illustrates a particle-diameter distribution of 
the newly employed second silica particles. Fig. 6 is a 
photomicrograph of the newly employed second silica 
particles. 

so The thus prepared dilatancy liquid was evaluated 
for the dilatancy property by using the same viscometer 
as used in the First Preferred Embodiment. Note that, 
however, the viscometer had a rotor whose type was 
"MS-DIN-145/108". 

55 Fig. 6 illustrates the results of the evaluation. It is 
appreciated from Fig. 6 that the Fourth Preferred 
Embodiment exhibited a viscosity of 96 (mPa • s) at a 
shear speed of 8,000 (s"""). and exhibited a viscosity of 
120 (mPa • s) at a shear speed of 10,000 (s ■•). Accord- 
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Ingly, the Fourth Preferred Embodiment exhibited a vis- 
cosity increment of 1 .25 times with respect to the shear 
speed variation of from 8.000 (s'"*) to 10,000 (s'""). Thus, 
the Fourth Preferred Embodiment was a high shear- 
speed-transition type dilatancy liquid. 5 

When a "B^-type viscometer was used to examine 
the viscosity of the Fourth Preferred Embodiment, the 
Fourth Preferred Embodiment exhibited a viscosity of 

4.000 cP at a shear speed of 30 rpm. 

The Fourth Preferred Embodiment verified that io 
without changing the content of the inorganic particles, 
the viscosity of the present dilatancy liquid can be mod- 
ified by varying the average particle diameter or parti- 
cle-diameter distribution of the inorganic particles. For 
instance, the fluid viscosity of the present dilatancy liq- is 
uid can be decreased by enlarging the average particle 
diameter of the inorganic particles. 

Fifth Preferred Embodiment 

20 

The Fifth Preferred Embodiment of the present dila- 
tancy liquid comprised alumina particles in an amount 
of 570 parts by weight, pure water in an amount of 1 00 
parts by weight, and a 10% ammonium aqueous solu- 
tion in an amount of 10 parts by weight. Note that 25 
ADMAFINE "AO-SOa** (trade mark) particles having an 
average particle diameter of 0.7 \im, and a roundness of 
less than 1.01 (i.e.. < 1.01) were used as the alumina 
particles. 

Fig. 7 illustrates a particle-diameter distribution of so 
the alumina particles. Fig. 8 is a photomicrograph of the 
alumina particles. 

When a "B"-type viscometer was used to examine 
the viscosity of the Fifth Preferred Embodiment, the 
Fifth Preferred Embodiment exhibited a viscosity of 35 
1 1 ,000 cP at a shear speed of 30 rpm. 

The Fifth Preferred Embodiment verified that, 
instead of the inorganic particles employed in the First 
through Fourth Preferred Embodiments, the present 
dilatancy liquid can comprise the other Inorganic parti- 40 
cles. In addition to the complete-sphere-shaped silica 
partides. the present dilatancy liquid can comprise the 
other complete-sphere-shaped inorganic particles, 
such as the complete-sphere-shaped alumina, magne- 
sia or zirconta particles. 45 

Sixth Preferred Embodiment 

The Sixth Preferred Embodiment of the present 
dilatancy liquid comprised esterified silica particles in so 
an amount of 400 parts by weight, and benzyl alcohol in 
an amount of 100 parts by weight. Note that ADMAFINE 
-SO-C2" (trade mark) particles having an average parti- 
cle diameter of 0.5 ^m. and a roundness of less than 

1 .01 (i.e.. < 1 .01 ) were used as the esterified silica par- ss 
tides, and that they were esterified. In the esterrfication, 
the silica particles and alcohol were mixed with each 
other, and were charged in an endosed container to 



react at 150 **C for 12 hours. Note that the residual alco- 
hol was evaporated to remove. 

When a "B"-type viscometer was used to examine 
the viscosity of the Sixth Preferred Embodiment, the 
Sixth Preferred Embodiment exhibited a viscosity of 
8,000 cP at a shear speed of 30 rpm. 

Note that, instead of the benzyl alcohol, it is possi- 
ble to employ higher alcohols, halides. and silicone oils 
as the liquid. 

Seventh Preferred Embodiment 

The Seventh Preferred Embodiment of the present 
dilatancy liquid corrprised esterified silica particles in 
an amount of 375 parts by weight, and tetrabro- 
moethane in an amount of 141 parts by weight, and 
benzyl alcohol in an amount of 31 parts by weight. Note 
that the esterified silica particles were identical with 
those of the Sixth Preferred Embodiment; namely: 
ADMAFINE "SO-C2" (trade mark) particles having an 
average particle diameter of 0.5 ^m, and a roundness of 
less than 1.01 (i.e., < 1.01) were esterified. Also note 
that the tetrabromo ethane had a specific gravity of 2.9, 
and the benzyl alcohol had a specific gravity of 1.04. 
Accordingly, the mixture of the 141 -part-by-weight tetra- 
bromoethane and the 31 -part-by weight benzyl alcohol 
had a specific gravity of about 2.2 which was equal to 
those of the silica powders. 

When a "B^-type viscometer was used to examine 
the viscosity of the Seventh Preferred Embodiment, the 
Seventh Preferred Embodiment exhibited a viscosity of 

9.000 cP at a shear speed of 30 rpm. 

In a dilatancy liquid like the Seventh Preferred 
Embodiment, the dispersant and the dispersing sub- 
stances have an equal specific gravity. As a result, when 
a gravitational force and a centrifugal force are applied 
to such a dilatancy liquid, the dispersant and the dis- 
persing substances do not separate from each other. 
Therefore, the Seventh Preferred Embodiment could be 
used at places where heavy centrifugal forces acted 
thereto. 

Eiohth Preferred Embodiment 

The Eighth Preferred Embodiment of the present 
dilatancy liquid comprised chlorinated silica particles in 
an amount of 375 parts by weight, tetrabromoethane In 
an amount of 141 parts by weight, and benzyl alcohol In 
an amount of 31 parts by weight. Note that ADMAFINE 
"SO-C5" (trade mark) particles having an average parti- 
cle diameter of 1.5 \xrr\, and a roundness of less than 

1.01 (i.e., < 1-01) were used as the chlorinated silica 
particles, and that they were chlorinated. In the chlorin- 
ation. the silica particles were charged in an amount of 
50 g in an enclosed container which was lined with a 
fluorocarbon resin, and in which thionyl chloride 
(SO4CI) was held in an amount of 20 c.c. The silica par- 
ticles were reacted with the thionyl chloride at 1 50 •C for 
12 hours, and thereby their surfaces were chlorinated. 
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When a "B"-1ype viscometer was used to examine 
the viscosity of the Eighth Preferred Embodiment, the 
Eighth Preferred Embodiment exhibited a viscosity of 
7,000 cP at a shear speed of 30 rpm. 

Ninth Preferred Embodiments 

The Ninth Preferred Embodiments of the present 
diiatancy liquid were prepared by adding a flowability- 
improving agent to the Fourth Preferred Embodiment of 
the present diiatancy liquid. Specifically, the Ninth Pre- 
ferred Embodiments were prepared by dissolving one of 
the following inorganic salts Into the Fourth Preferred 
Embodiment in a predetermined amount; namely: NaCI, 
LiCI. Na2Mo04. and Na2S04. 

One of the Ninth Preferred Embodiments, e.g., the 
present diiatancy liquid with a monovalent salt (i.e., a 
f lowability-improving agent) dissolved therein by an Ion- 
equivalent unit, was prepared as follows; namely: a 
monovalent salt (e.g., NaCI or LiCI) was dissolved Into 
water to prepare a 2 mol/kg aqueous solution. The 
aqueous solution was weighed out by 3.9 g, and added 
to 1.000 g of the Fourth Preferred Embodiment. The 
resulting mixture was mixed by a ball mill to prepare a 
dispersion. 

Further, the present diiatancy liquid with a monova- 
lent salt dissolved therein by two ion- equivalent units 
was prepared by adding the 2 mol/kg monovalent-salt 
aqueous solution in a twice amount of 7.8 g to 1 .000 g 
of the Fourth Preferred Embodiment and following the 
procedure; the present diiatancy liquid with a monova- 
lent salt dissolved therein by three ion-equivalent units 
was prepared by adding the 2 mol/kg monovalent-salt 
aqueous solution in a three-time amount of 11.7 g to 
1 .000 g of the Fourth Preferred Embodiment and follow- 
ing the procedure; and the present diiatancy liquid with 
a monovalent salt dissolved therein by four ion-equiva- 
lent units was prepared by adding the 2 mol/kg monova- 
lent-salt aqueous solution in a four-time amount of 15.6 
g to 1,000 g of the Fourth Preferred Embodiment and 
following the procedure. 

Furthermore, the present diiatancy liquid with a 
divalent salt (e.g., Na2Mo04 or Na2S04) dissolved 
therein by an ion-equivalent unit were prepared by add- 
ing a 2 mol/kg divalent-salt aqueous solution in an 
amount of 1.95 g to 1.000 g of the Fourth Preferred 
Embodiment and following the procedure. 

Likewise, the present diiatancy liquid with a divalent 
salt dissolved therein by two ion-equivalent units was 
prepared by adding the 2 mol/kg divalent-salt aqueous 
solution in a twice amount of 3.9 g to 1.000 g of the 
Fourth Preferred Embodiment and following the proce- 
dure; the present diiatancy liquid with a divalent salt dis- 
solved therein by three ion-equivalent units was 
prepared by adding the 2 mol/kg divalent-salt aqueous 
solution in a three-time amount of 5.85 g to 1 ,000 g of 
the Fourth Preferred Embodiment and following the pro- 
cedure; and the present diiatancy liquid with a divalent 
salt dissolved therein by four ion-equivalent units was 



prepared by adding the 2 mol/kg divalent-salt aqueous 
solution in a four-time amount of 7.8 g to 1.000 g of the 
Fourth Preferred Embodiment and following the proce- 
dure. 

5 The resulting Ninth Preferred Embodiments of the 
present diiatancy liquid were examined for their viscos- 
ity at a shear speed of 30 rpm by using a "B"-type vis- 
cometer. Fig. 9 Illustrates the results of this 
examination. The horizontal axis of Fig. 9 specifies the 

10 ion-equivalent unit of the salts dissolved in the Ninth 
Preferred Embodiments, and the vertical axis of Fig. 9 
specifies the shear viscosity exhibited by the Ninth Pre- 
ferred Embodiments. It Is apparent from Fig. 9 that the 
shear viscosity of the present diiatancy liquid can be 

15 decreased by adding the salt of strong electrolytes, 
such as NaCI. LiCI, Na2Mo04. and Na2S04. 

Having now fully described the present invention, it 
will be apparent to one of ordinary skill in the art that 
many changes and modifications can be made thereto 

20 without departing from the spirit or scope of the present 
invention as set forth herein including the appended 
claims. 

Claims 

25 

1. A diiatancy liquid being a sol under a low shear 
stress and a gel under a high shear stress, said 
diiatancy liquid comprising: 

inorganic particles having a roundness of 
30 1 . 1 or less, and a particle diameter of from 0.05 to 5 
(im; and 

a liquid held among said Inorganic particles. 

2. The diiatancy liquid according to Claim 1 . wherein 
35 said Inorganic particles have a roundness of 1 .01 or 

less. 

3. The diiatancy liquid according to Claim 1 , wherein 
said Inorganic particles have a particle-diameter 

40 distribution of from 0.1 to 1 .5 jim. 

4. The diiatancy liquid according to Claim 1 , wherein 
said Inorganic particles include at least one com- 
pound selected from the group consisting of oxide 

45 and nitride, the oxide and nitride including at least 
one element selected from the group consisting of 
Si, Al, Mg. and Zr. 

S- The diiatancy liquid according to Claim 1, wherein 
so said liquid includes a dispersion-improving agent. 

6. The diiatancy liquid according to Claim 1 , wherein 
said liquid includes a f lowability-improving agent. 

55 7. The diiatancy liquid according to Claim 1 . wherein 
said liquid has a specific gravity of from 90 to 1 10 
with respect to an absolute specific gravity of said 
inorganic particles taken as 1 00. 
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8. The diiatancy liquid according to Claim 1 , wherein 
said liquid Is an aqueous solution. 

9. The diiatancy liquid according to Claim 1 . wherein 
said liquid is an organic liquid. s 

1 0. The diiatancy liquid according to Claim 9. wherein 
said organic liquid is a silicone oil. 

11. The diiatancy liquid according to Claim 9. wherein io 
said organic liquid is at least one member selected 
from the group consisting of alcohol, carboxylic 
acid, and ester. 

12. The diiatancy liquid according to Claim 9, wherein is 
said organic liquid is halide. 

13. The diiatancy liquid according to Claim 1, wherein 
said inorganic particles have a lipophilic surface. 

20 

14. The diiatancy liquid according to Claim 13, wherein 
said inorganic particles are subjected to at least 
one treatment selected from the group consisting of 
halogenation, esterification. and alkylation. 

2S 

15. The diiatancy liquid according to Claim 1, wherein 
said inorganic particles are silica particles, and said 
liquid is water. 

16. The diiatancy liquid according to Claim 1, wherein so 
said inorganic particles are present in an amount of 
from 300 to 600 parts by weight, and said liquid is 
present in an amount of from 100 to 200 parts by 
weight. 

35 



40 



45 
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